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A STUDY OF THE DYNAMIC STABILITY OF THE 
BELL X-l RESEARCH AIRPLANE 
By Edvard C. Polhamus 


SUMMARY 


The period and damping of the lateral oscillation of the Bell 
X— 1 research airplane have "been calculated for a range of Mach numbers 
and wing loadings for an altitude of 30,000 feet. The calculations 
included an investigation of the effect of various parameters. The 
calculations indicate that according to current flying-quality require- 
ments the damping of the lateral oscillation is unsatisfactory for 
practically all conditions investigated. Flight results indicate even 
poorer damping of the lateral oscillation. However, there is strong 
evidence that the yawing moment due to rolling velocity is probably very 
much less than the theoretical values and may even be zero. If a zero 
value of the yawing moment due to rolling velocity is assumed and combined 
with only a 20 — percent reduction in the value of the yawing moment due 
to yawing velocity, the calculations for the damping of the lateral 
oscillation are found to be in good agreement with the flight results.. 


INTRODUCTION 


Reference 1 presents charts from which estimates of the dynamic- 
lateral— stability characteristics of aircraft with light wing loadings 
can be made. Subsequent studies (references 2 and 3 ), however, have 
indicated that for aircraft with relatively heavy wing loadings and 
flying at high altitudes the number of important variables involved makes 
it impractical to construct generalized charts even when the stability 
derivatives involved are accurately known. Therefore, each configuration 
must be studied separately and in detail. 

The purpose of the present investigation was to calculate the period 
and damping of the lateral oscillation of the Air Force-NACA sponsored 
Bell X— 1 transonic research airplane (see fig. l) at Mach numbers ranging 
from 0.4 to 1.4 for several flight conditions. Inasmuch as there is con- 
siderable uncertainty in regard to the values of some of the stability 
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derivatives of this aircraft, the effect of deviations from the assumed 
values on the period and damping of the lateral oscillation has also teen 
investigated. 
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COEFFICIENTS AND SYMBOLS 

trim lift coefficient (W cos 7/qS) 
rolling-moment coefficient (Rolling moment /qSb) 
yawing-moment coefficient (Yawing moment /qSb) 
lateral— force coefficient (Lateral force/qS) 

dynamic pressure, pounds per square foot ( PV^/2) 

mass density of air, slugs per cubic foot 

airplane velocity, feet per second 

wing area, square feet 

wing span, feet 

weight of airplane, pounds 

mass of airplane, slugs (w/g) 

acceleration of gravity, feet per second per second 
relative-density factor (m/pSb) 

radius of gyration in roll about principal longitudinal axis, 
feet 

radius of gyration in yaw about principal normal axis, feet 
angle of sideslip, radians 

angle of attack of airplane reference axis, degrees (see fig. 2) 

angle of attack of principal longitudinal axis of airplane, 
degrees (see fig. 2) 
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€ angle "between reference axis and principal axis, degrees 

(see fig. 2) 

7 angle of flight path to horizontal, degrees (see fig. 2) 

r yawing angular velocity, radians per second 

p rolling angular velocity, radians per second 

M Mach number (v/ a) 

a local speed of sound, feet per second 
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period, of the lateral oscillation, seconds 

time for lateral oscillation to reduce to half amplitude, 
seconds 


' 1/2 


cycles for lateral oscillations to reduce to half amplitude 


CALCULATIONS 


All. calculations in this investigation were made by the methods of 
reference 3- The calculations included the effect of Mach number and 
wing loading on the period and damping of the lateral oscillation and 
the effect of changes in the magnitude of some of the parameters on the 
period and damping. 


The values of the mass and the aerodynamic parameters used for the 
basic investigation are presented in table I. The low— speed static— 

, C 2 , and Cy were obtained from unpublished 
3 3 

wind-tunnel data. These parameters were corrected for subsonic com- 
pressibility effects by assuming that the wing-fuselage contribution was 
unaffected by compressibility while the tail contribution to these param- 
eters could be corrected by the three-dimensional Prandtl-Glauert trans- 
formation (reference 4). The values of the damping-in— roll parameter C 7 


stability derivatives CL 

”3 


through the Mach number range were obtained from reference 5. The incom- 
pressible values of the wing contribution to the rotary derivatives C- 


V 


C , and C were obtained from reference 
n„ n. 


2 UJ-LU. \j n v^_L t/ uuoaj-iiCU. -L ± WliJL j. C7J. CUUO 6 and were corrected for com— 

r p 

pressibility by the method of reference 7. The vertical tail contributions 
to the rotary derivatives were estimated by the method of reference 8 
using values of the tail contribution to Cy which were corrected for 


compressibility . 
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The aerodynamic characteristics for the supersonic case were 
estimated with the aid of references 9 and. 10. 


RESULTS AND DISCUSSION 


Basic conditions .— The period and damping of the lateral oscillation 
’or several wing loadings through the Mach number range from 0.40 to O.75 
t an altitude of 30,000 feet are presented in figure 3. The results 
ndicate that increasing the Mach number caused a decrease in the period 
hile increasing the wing loading caused a slight increase in the period, 
le effect of Mach number and wing loading on the damping is not very 
insistent but, in general, it can be said that at the higher Mach 
mbers an increase in the wing loading increases the time required to 
mp the oscillation to one— half of its original amplitude. Also presented 
figure 3 is a comparison of the damping characteristics with the 
jquirements for satisfactory damping of the lateral oscillation as set 
:>rth in reference 11 . On the basis of these requirements, it can be 
sen that the damping of the oscillation would be unsatisfactory for Mach 
umbers above about 0.50. 


The results of the calculations made at a supersonic Mach number 
>f 1.4 are presented in figure 4 as charts of the variation of the 
period and the time and cycles to damp to one-half amplitude with wing 
Loading. The results indicate, as was the case in the subsonic range, 
that although the wing loading has little effect on the period of the 
oscillation increasing the wing loading from 54 to 85 pounds per square 
foot increases T^yg from 1.2 seconds to 4.6 seconds and ^ 1/2 from 1 

to 4 . 8 . Also presented in figure 4 is a comparison of the damping 
characteristics with the requirements set forth in reference 11 for 
periods less than 2 seconds. The results indicate that according to 
this criterion the damping of the oscillation is unsatisfactory at a 
Mach number of 1.4 for wing loadings above about 65. 


.6 


Effect of various parameters .— Inasmuch as no wind-tunnel data are 

available for the rotary derivatives of this airplane and since little 
is known about the effects of compressibility on these parameters, some 
additional calculations were made to determine the effect of changes in 
these parameters on the period and damping of the oscillation. Condi— 
dition 10 (table I) was chosen for the basic condition and the results 
of variations from the basic condition are presented in figure 5. The 
results indicate that changes in the rotary derivatives as much as ±50 per- 
cent have a negligible effect on the period of the lateral oscillation. 
However, the effect on the time for the oscillation to damp to one-half 
of the original amplitude is more pronounced and for this configuration 
the damping -in-yaw parameter is the most important of the rotary 

derivatives. r 
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The effect of the inclination of the principal axis with reference 
to the fuselage reference axis and the flight— path angle were also 
.investigated and the results are presented in figure 5« It should he 
mentioned that changes in the inclination of the principal axis with 
respect to the fuselage reference line are important only because at a 
given angle of attack they change the inclination of the principal axis 
with respect to the flight path. Neither of these parameters has any 
appreciable effect on the period of the oscillation in the range investi- 
gated. A change in the flight-path angle from level flight to a 45° climb 
caused a slight decrease in the time to damp to one-half amplitude while 
a change in the inclination of the principal axis from 0° to 3° down at 
the nose caused an increase in the time to damp of a little over 1 second. 


Comparison with flight results.— A time history of the stick— fixed 

lateral oscillation of the actual airplane is presented in figure 6. 

This record was obtained in gliding flight at an altitude of 32,000 feet, 
a Mach number of 0.75, and a wing loading of about 85 pounds per square 
foot. (See reference 12.) The flight tests indicate a period of the 
lateral oscillation of about 1.8 seconds which is in fair agreement 
with the calculated period of about 1.5 seconds. (See fig. 3«) 

Although the calculations indicate, according to current flying- 
qualities requirements, that the damping of the oscillation is unsatis- 
factory, they do not indicate it to be as poor as the flight results 
show. According to the flight results, the time required to damp the 
oscillation to one-half of its original amplitude is about 6.5 seconds 
while the calculations give about 2.7 seconds. 


Inasmuch as the calculations did not check the flight results, an 
attempt was made to determine the cause of this discrepancy. As was 
pointed out in the previous section, less is probably known about the 
rotary derivatives of this airplane than about any of the other parameters 
necessary for the calculation of the period and damping of the lateral 
oscillation. Figure 5 indicates that decreases in C or C or 

Ilj. Up 


both from the assumed values might account for the discrepancy in the 
damping. Reference 13 and some recent unpublished results obtained 
by both the rolling— flow and forced— rotation methods indicate that the 
tail contribution to C_ is much less than that indicated by the theory 

T 

of reference 8 and, in some cases, it has been found to be zero. It is 
also quite possible that separation and wake effects might, at least in 
the small -angle range, cause a considerable decrease in C. The results 


of additional calculations investigating the individual and combined 



NACA RM L9K04a 


7 


effects of losses in C n and C are presented in the following 

il r 

table using condition 15 (table I) as the base: 


Condition 

Cn r 

C n 

P 

p 

OJ 

H 

E-t 

15 (table I) 

—0 0 276 

0.094 

1.54 

2.71 

15 - A 

-.276 

0 

1.49 

3.75 

15 -B 

-.276 

-.015 

1.48 

3-99 

15 - c 

-.210 

0 

1.49 

5.12 

15 - D 

-.138 

0 

1.49 

8.47 

15 - E 

-.170 

0 

1.49 

6.56 

Flight results 



1.8 

6.5 


The results indicate that even a zero tail contribution to , 

7? 

which results in a negative value for the total, (condition 15 — B) does 
not, by itself, account for the discrepancy in the damping. However, 
when a zero value of C was combined with various values of C 

"p n r 

it was found that a reduction in C n of only about 20 percent 

T 


(condition 15 — E) was required to bring the calculations in agreement 
with the flight results. 


CONCLUSIONS 


Based on calculations of the lateral oscillation of the Bell 
X— 1 transonic research airplane, the following conclusions have been 
reached: 


1. Theoretical computations indicate that, according to current 
flying-quality requirements, the damping of the lateral oscillation 
would be considered unsatisfactory for Mach numbers from about 0.50 

to 0.75* (the highest subsonic case investigated) for all wing loadings 
and for wing loadings above about 65 for a Mach number of 1.4 (the only 
supersonic case investigated) . 

2. Flight results indicate even poorer damping of the lateral 
oscillation. However, there is strong evidence that the yawing moment 
due to rolling velocity is probably very much less than the theoretical 
values and may even be zero. If a zero value of the yawing moment due 
to rolling velocity is assumed and combined with only a 20— percent 
reduction in the value of the yawing moment due to yawing velocity, the 
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calculations for the damping of the lateral oscillation are found to be 
in good agreement with the flight results. 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Air Force Base, Va. 
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Figure 2.- Angular relationships in flight. Arrows indicate positive direction of angles 




















